made with two additional support rollers at their butts which contact each other and maintain a constant radial clearance in the engagement of the open gearing wheels.
Unsolved earlier part of the general problem. The conducted analysis of studies and publications showed that during long-term operation of large-sized rotating aggregates there are many problems that are associated with their design and operational features. Preferably, research relates to drive mechanisms with closed gearings. There is much less attention paid to the study of drives with large-modal open gear transmission operation, although such mechanisms are operated under more heavy conditions. A number of new designs of rotating aggregates drive mechanisms are suggested [15] [16] [17] , but due to the large material and time costs required for modernization, as a rule, their implementation in the production process is not carried out.
Setting objectives. The development of the algorithm and the technique of calculating the loads of structural elements of long-term continued operated large-sized rotating aggregates, considering the errors of manufacturing, installation, parameters of their operation, and electromagnetic processes in the electric motors of the drive mechanism were performed.
Main material and results. The electromechanical part of large-sized rotating aggregates consists of a body with mounted bandages rested on rollers. The torque moment is transmitted from the main electric motor to the main gear unit, the coupling, the pinion gear, the teeth of which are in the engagement with the crown wheel teeth, which is secured rigidly with the help of special rods to the body of the rotating assembly. Under the conditions of installation, the crown wheel consists of two halves. For example, for a rotating unit of the diameter of the body equal to 5 m, the pitch diameter of the crown wheel is 7.74 m, the width of the tooth crown is 0.85 m and weighs is about 50 000 kg. During a long-term operation, the body of the rotating unit and, with it, the crown wheel simultaneously move in the vertical and horizontal planes due to the eccentricity of the fit of the crown wheel and the radial beats, the ellipticity of the near-bandages and support rollers, the non-straightness of the axis of rotation of the body of the rotating unit and its temperature deformations. Mounting and checking of the drive elements occurs during the complete stop of the technological line, and at that time the temperature of the housing of the rotating unit is equal to the ambient temperature. When the rotary unit is started in the technological regime as a result of temperature and force deformations, the mutual arrangement of the gear wheels of the crown pairs significantly changes.
The value of the total skew angle of the crown pair teeth depends on the accuracy of the manufacture and installation of the large module gears and wheels and the deviations of the axis of rotation of the unit from the straight line. The pinion and wheel of the crown pair have no common place, therefore, in the process of the rotating unit operation; their mutual arrangement can vary considerably. The estimation of the constructive and operational factors influence on the gear wheels work of the rotating aggregate crown pairs can be carried out with the help of the average probable value of their total skew angle.
The angle value of open transmission teeth technological skew is determined according the A. I. Petrusevich's formula, which is given in the paper [12] 
where  p and  g are the deviations from the given direction of the gears teeth angle and wheels inclination respectively;  δ and  n are the angles of displacement and non-parallel of the pinion and wheels rotation axes respectively;
 w are the angle of engagement.
For a rotating unit with a rectilinear axle of the body and an axial beating of the crown equal to the angle  1 of inclination of the open gear wheels is of
where d w2 is the pitch diameter of the crown wheel. Movement of the crown wheel with the curved axis of the unit with two-motor drive rotation is shown in Fig. 1 , where е is the value of the deflection of the unit body rotation axis in the section, which coincides with the position of the median plane of the crown wheel,  2 is the axial displacement of the crown wheel beating which is caused by distortion of the unit body rotation axis.
At this case, the angle of inclination of the open gear wheels axes is determined depending on the value of its deflection in the section where the crown wheel is installed (Figure 1 )
where L = CB is the distance from the proximity of the rotating unit body rollers to the median plane of the crown wheel. For the convenience of conducting further research, the angles of distortion the crown pair wheels axes are brought to the plane of engagement. Then, the dependencies for determining the variable components of the reduced angles of bias  δ and the non-parallel  n of the crown pair teeth from the axial beating of the crown  1 in the function of rotation angle of the crown wheel  к have the form
Dependencies for determining the variables of bias reduced angles components  δ and the non-parallelness  n of the crown pair teeth from the value the unit body rotation axis deflection e in the function of rotation angle  к have the form
Substituting (4) - (7) into (1), it is obtained the formula for determining the total skew angle of the crown pair teeth
In the course of experimental studies, the axial beating of the crown wheel and the deflection of the rotation axis of the rotating unit body from the straightness were determined. Investigation of the operating conditions of the drive mechanism at different values of the errors of manufacturing and assembling the elements of rotating aggregates have showed that in real conditions of operation the total skew angle of wheels crown pairs teeth may exceed the recommended maximum value more than two or three times, there may be cases of incomplete contact of crown pairs of teeth wheel width. For rotating aggregates of the sizes of 5×185 m, 4.5×170 m, 4×150 m, the value of the maximum total skew angle of the wheel teeth under certain operating conditions lies in the range of 4.0 • 10 -4 to 1.0 • 10 -3 rad. All this indicates that in the process of rotating aggregates embedding of the crown pair teeth wheels long-term operation is not fully implemented. Due to the specific conditions of their work (open gear transmission, the presence of abrasive media, large non-uniform distribution of load over the length of contact lines, etc.), there is an intense wear of the teeth pinion and wheels (Fig. 2) . This causes the unevenness of the rotary motion of the crown pair wheels, resulting in extra dynamic loads in the engagement. S is the number of terms of the Fourier series which is necessary to provide the required accuracy of the calculation.
The mutual relation of the crown pairs teeth wheels rotation angles with the worn out profile of the teeth has the form
Given the expression (10), we obtain
In this case, the variable transmission ratio of the wheels of the crown pairs of the worn out profile of the teeth has the form 1 1 2
To study the oscillation phenomena due to the kinematic errors of the crown teeth pair, due to the deviation of the teeth shape from the profile, the mechanical part of the rotating aggregates can be represented as a discrete calculation scheme (Fig. 3) , where J i (i=1, 2, …, m) are the moments of mass inertia of the drive mechanism; С i (i=1, 2, …, m-1) are the elastic elements rigidity of the drive; v i (i=1, 2, …, m-1) are the coefficients of linear resistance of the corresponding units. Metal construction of the rotating unit body by direct sampling is replaced by a set of masses with moments of inertia I j (j=1, 2, …, n-1); r j (j=1, 2, …, n-1) and  j (j=1, 2, …, n-1) -respectively, the rigidity and coefficients of the linear resistance of the parts of the aggregate body;  i (i=1, 2, …, m) and  i (j=1, 2, …, n) are the coordinates of movement of the corresponding masses of the drive mechanism and the body of the rotating aggregates.
Figure 3 -Calculation scheme of a large-sized rotating aggregates
In the calculation scheme, the gear wheels of the crown pair are directly connected with the masses, which have moments of inertia J m (for the pinion gear) and I K (for the crown wheel). Assume that the values of the inertial, rigid and dissipative parameters of the drive elements are determined considering the reduction to the axis pinion gear rotation.
The equation rotating unit masses motion is made on the basis of the Lagrange equations of the second kind. Using expressions of kinetic and potential energies, Relay functions, and generalized forces, there can be obtained differential equations of motion.
For masses of the drive mechanism, these equations have the following form:
where e M is the electromagnetic moment of the motor; 1 u is the gear ratio from the shaft of the pinion axle motor, which is equal to the gear ratio of the main gear unit; p is the operator of differentiation with respect to time. 
where OK M is the moment of the forces resistant to motion, which is applied to the part of the rotating aggregates body connected with the crown wheel.
The equations of the body lumped masses motion of the rotating unit have the form: 
where
) are moments of motion resistance. If the lateral gap in the engagement of the open gear is partially disclosed, the equation of motion of rigidity coupled masses with pinion and with a crown wheel takes the form
It should be noted that considering non-rectlinearity of the body rotation axis and the specificity of the processed raw material movement along the axis of the rotating aggregate, the total moment of the body forces resistant to the motion is shown with the expression
where  is the coefficient of resistance moment amplitude variation to the rotating aggregates body motion. The dynamical properties of the asynchronous motor are considered by means of simultaneous integration of the rotating unit mechanical part motion equations with the equations of the motor electromagnetic state [19] .
The mathematical model of an electric machine is described by the following equations
In these equations, the subscripts s and R denote that the corresponding parameters are related to the stator or rotor windings, respectively i s and i R are the matrix-columns of projections of currents on to the coordinate axes x, y; u S is the matrix-column of voltage source;  s ,  R are the matrix columns of complete flow connections;  s ,  R are the angular velocity matrices; a s , a R , b s , b R are the constant coefficients; r s , r R are the stator and rotor windings resistances, respectively.
The electromagnetic moment of the motor is found by the formula
where p 0 is the number of pairs of magnetic poles; i  is the inverse working inductance of the motor.
Depending on the location of the two neighbour teeth of the crown wheels, the total angle of the crown pinion turn, relative to the axis the crown wheel rotation , considering the choice of the lateral gap in the engagement of the open transmission  is determined by the
where  is the angle where the teeth of the crown pinion is turned to chose the lateral gap between the teeth of crown pair. The torque M m which is transmitted by the crown pinion determined by the formula
Determining the loads that emerge in the elements of the mechanical system of the rotating aggregate under different operating conditions, there can be carried out the following algorithm:
Variant 1: in the case where the lateral gap between teeth of a crown gear pairs is completely chosen q = 1; M m > 0.
The mathematical model of the drive system of rotating aggregates is formed from the equations (13) - (15), (16) - (18), (22), (23) considering the relations (12), (24), (25).
Variant 2: in the case where the lateral gap between the crown pairs is maximal q = 2 M m < 0.
The mathematical model of the drive system of rotating aggregates is formed from the equations (13) - (18), (22) -(23) considering the relations (12), (24), (25).
Variant 3: in the case where the lateral gap between teeth of a crown pairs is partially chosen 1 < q < 2; M m = 0.
There is constructed a mathematical model from equations (13), (14), (16) According to the variants number (1, 2 or 3), the system of the corresponding differential equations is determined. Their numerical integration is performed by the RungeKutta method. The program provides an opportunity to identify efforts of meshed wheels crown pairs, moments in elastic links, dynamic factors and output calculation results with a given time step. Using modern PC allows us to optimize the parameters of the drive mechanism according the criterion of minimum dynamic loads.
As an example, the drive system elements load Fig. 4 a, represent the dependence of the change in the normal force in the engagement of an open gear crown pair with an ideal involute profile, the teeth ( = E = 0), the curve 2 in Fig. 4 , a -provided that the worn-out involute profile of the teeth is when  = 0.004 rad and E = 0.0005 rad. Comparison of the graphic dependencies 1 and 2 in Fig. 4 a shows that the increase of the angle  and the uneven angles of wheels rotation of the crown pairs for the considered case lead to an increase in the normal force in their toothed engagement by 27%. Fig. 4 , b shows the dependence of the normal force change on the engagement of an open gear crown pair during stationary mode under condition of a worn-out involute profile of the teeth when  = 0.004 rad and E = 0.0005 rad. From Fig 4, b, it can be seen that in the stationary mode of the rotating kiln at lower frequencies of the rotation of its housing, which is required in accordance with the technological regime of clinker annealing, resonant states may occur in the drive elements. It is due to the fact that the range of the rotational speed of the kiln body according to the technological regime of the clinker annealing lies in the limits of 0.55…1.4 rpm, which corresponds to the range of the crown wheel pair frequency which lies within (1.3…3.5) Hz. At the same time, the frequency teeth of the crown pairs of wheels can coincide with one of the inner frequencies of the rotating aggregate mechanical system. Conclusions. 1. Analysis of structures and operational conditions for traditional drive mechanisms of large-sized rotating aggregates have indicated that the total skew angle open gearing teeth can reach the value of 4,0·10 -4 rad, sometimes up to 1,0·10 -3 rad. During long-term operation, embedding of crown gearing wheels teeth is not complete. This causes great non-uniformity of load distribution along lines of contact, intensive wheel and pinion teeth wearing out, and extra dynamic loads of the structural elements rotating aggregate.
2. Algorithm and technique of structural elements calculation of operated for a long time large-sized rotating aggregates are suggested. According to this technique, the determination of loading in mesh of an open gearing and torque moments in elastic links is conducted considering the mutual influence of mechanical and electromagnetic oscillation phenomena. The kinematic parameters of open gearing are presented in terms of non-linear dependences considering the errors from manufacturing and the parameters of wearing out.
3. The results of investigations, which have been carried out by means the numerical modelling method and by means of experiments, have indicated that during operation of large-sized rotating aggregates resonance states can emerge in elements of their drive mechanism at the expense of the open gearing teeth re-conjugation frequency coincidence with one of the lower natural frequencies of the mechanical system. It is expedient to use of transducers for monitoring the vibroparameters of the drive mechanism, the transducers signalize for correcting into the aggregate body rotary speed smooth adjustment system. Carrying out the adjustment of the kinematic parameters of the driving mechanism in due time makes it impossible to operate large-sized rotating aggregates in resonance regime.
4. The application of the drive mechanism design of large-sized rotating aggregates with mobile «floating» pinion of an open gearing is in prospect. In such a drive mechanism, the pinion and the crown wheel are made with two additional rollers at their butts. The additional rollers with the help of elastic elements are pressed against each others. The application of such drive mechanism design enables to maintain more constant mutual position of the wheels of an open gearing during its long-term operation, including such parameters as interaxial distance, lateral and radial gaps.
